Low-grade metamorphic Paleozoic sedimentary rocks are exposed along the northern margin of the Qinling-Dabie orogenic belt that formed by the collision of the North and South China blocks during the Early Mesozoic. Geological provenance and tectonic setting of these low-grade sedimentary rocks are strongly debated. Recent studies have shown that they contain Paleozoic, Late Proterozoic and Late Archean detrital zircons, which points to an origin from different sources including rocks from the South and North China blocks. This study presents single-grain mineral Rb-Sr results for detrital muscovites and biotites from Carboniferous sedimentary sequences of the Beihuaiyang low-grade metamorphic zone exposed along the northern margin of the Dabie Mountains. About 15% of detrital muscovite grains are phengitic in composition with high Si/Al ratios of >3.3. Single grain Rb-Sr isotopic analyses show that both muscovites and phengites give a pooled age of about 420 Ma, implying Middle Paleozoic thermal and high-pressure metamorphic events in the source area(s). Rb-Sr isotopic evidence from detrital biotites suggests at least two different sedimentary sources of old crustal rocks and juvenile material. The latter probably comprised magmatic rocks related to the Paleozoic convergence along the southern margin of the North China block. Whole-rock Sm-Nd isotopic composition of the sedimentary rocks also demonstrates a mixture of sedimentary sources of different ages that confirm conclusions proposed previously from evidence of detrital zircon ages. We conclude that the Paleozoic detrital phengites originate from Paleozoic subduction and subsequent collision proposed for the North Qinling terrane. Our study shows that, single-grain detrital mica Rb-Sr isotopic characteristics can be a potential indicator for the provenance of geological complex terranes.
INTRODUCTION
Rock fragments and detrital minerals as products of weathering and erosion of source rocks are useful media for studies of sedimentary sources and provenance of geological terranes. Material of sedimentary rocks can mainly derive from three major sources: (1) high-grade metamorphic rocks of deeply eroded cratonic basement, (2) young volcanic/plutonic rocks in accretionary terranes along active continental margins, and (3) recycled rock complexes of old crustal sections, especially in orogenic belts. These sources can often be distinguished by geochemical and isotopic compositions of whole-rocks and ages of detrital minerals charaterized by high physical and/or chemical stability, such as zircon, garnet, and Li et al., 2004) . Abbreviations: HPU, Susong high-pressure metamorphic rock unit; UHPU, South Dabie ultrahigh-pressure metamorphic rock unit; NDDU, North Dabie gneiss dome unit; BHY, Beihuaiyang low-grade metamorphic zone; XGF, Xiangfan-Guangji fault; XMF, Xiaotian-Mozitan fault; TSF, Tong-Shang fault; EOC, Erlangping ophiolite complex; AKC, Archean Kongling complex. metasedimetary rocks can be also potential indictors for provenance studies of geological terranes. For instance, Haines et al. (2004) have studied the 40 Ar- 39 Ar age patterns of detrital muscovite of the Adelaide Rift complex in southern Australia and revealed a Pan-African age information in sedimetary rocks, while Sm-Nd isotopic composition and detrital zircon ages of this rock complex only provided Paleo-to Mesoproterozoic sedimentary source information.
Low-grade metamorphic Paleozoic sedimentary rocks are exposed along the northern margin of the QinlingDabie orogenic belt, which formed by the collision of the North and South China (or Yangtze) blocks during Early Mesozoic (e.g., Mattauer et al., 1985; Ames et al., 1993 Ames et al., , 1996 Cong et al., 1995; Meng and Zhang, 2000) . Geological provenance and tectonic setting of these low-grade rocks are controversially debated, being regarded as deposits along the passive margin of the northern Yangtze block (Okay et al., 1993; Zheng et al., 2005; Zhou et al., 2001) , or along the active continental margin of the southern North China block (Şengör et al., 1988; Dong et al., 1993; Chen et al., 2003a; Li et al., 2004) . Recent studies have shown that these low-grade sedimentary rocks contain Late Archean, Late Proterozoic, and Early-Middle Paleozoic detrital zircons. These characteristics point to an origin of these sediments from different source terranes involving both the Yangtze and North China blocks (Chen et al., 2003a; Li et al., 2004) . Li et al. (2004) have found abundant detrital zircon grains of Paleozoic age in most of the low-grade metamorphic Carboniferous sedimentary strata exposed along the northern part of the DabieQinling orogenic belt. Part of the sedimentary sequence contains phengitic muscovite as detrital mineral phase (Li et al., 2004) . For a better understanding of the origin and provenance of the Paleozoic sedimentary sequence, more information on the age and origin of detrital phengites and on the isotopic characteristics of the sedimentary rocks is necessary.
In this study, we present Rb-Sr mica and Sr-Nd wholerock data from the Carboniferous sedimentary rocks exposed in the northern part of the Qinling-Dabie orogenic belt. The data impose new constraints on the provenance and tectonic setting of this low-grade metamorphic zone. Single mica grains (i.e., detrital muscovite and biotite) were used for Rb-Sr dating. The single-grain or microsample technique was recently developed and, so far, has been explored for dating micas from magmatic and metamorphic rocks (Müller et al., 2000a, b; Li et al., 2005) , sulfide minerals from ore deposits (Li et al., 2008a; Han et al., 2007) , and foraminifera from marine sediments (Tong et al., 2006) . In the present study we show that the single-mica grain Rb-Sr analytical technique is a potential tool to study the origin of detrital minerals and the provenance of geological terranes.
GEOLOGICAL SETTING AND SAMPLES
The Dabie ultrahigh-pressure (UHP) collisional belt (Fig. 1a) constitutes the eastern part of the Qinling-Dabie orogenic belt in central China, which was formed by collision of the North China block and Yangtze blocks during Early Mesozoic (e.g., Ames et al., 1993; Eide et al., 1994; Cong et al., 1995; Li, S.-G. et al., 1993 Li, S.-G. et al., , 1999 Li, S.-G. et al., , 2000 . The collision time has been constrained at about 230 Ma to 220 Ma by numerous radiometric studies (e.g., Ames et al., 1993; Li, S.-G. et al., 1993 Li, S.-G. et al., , 1999 Li, S.-G. et al., , 2000 Xu et al., 2000; Zheng et al., 2003) . The most striking rocks are eclogites and their host gneisses of the South Dabie UHP zone. Typical UHP metamorphic mineral inclusions such as coesite and diamond found in garnet and zircon indicate deep subduction of continental crust during the collision (e.g., Liou et al., 1996 , Xu et al., 1992 Okay et al., 1993; Ye et al., 2000) . Geologically, the Dabie UHP belt (Fig. 1a) is made up of several major, tectonically juxtaposed zones (or units), i.e., from south to north, the foreland fold and thrust belt, the Susong high-pressure zone (HPU in Fig. 1a) , the South Dabie ultrahigh-pressure metamorphic zone (UHPU), the North Dabie gneiss zone or dome (NDDU), and the Beihuaiyang low-grade metamorphic zone (e.g., Hacker et al., 1998) . Late Mesozoic granites and diorites are widely distributed in the Dabie terrane and Cretaceous volcanic rocks are mainly exposed in the low-grade metamorphic zone.
Low-grade metamorphic rocks, particularly meta-sedimentary rocks, are exposed along the northern margin of the Dabie Mountains. These rocks can be found north of the Tong-Shang fault and the Xiaotian-Mozitan fault (Fig. 1a; Ma, 1991; You et al., 1999) . The Carboniferous sedimentary sequence has a total thickness of more than 2000 m (Ma, 1991; Wang et al., 1994; Li, B. et al., 2000) . From bottom to top it is composed of the Huayuanqiang (D 3 ?-C 1 ), Yangshan (C 1 ), Daorenchong (C 1-2 ), Huyoufang (C 2 ), and Yangxiaozhuang (C 2 ) Formations (Li, B. et al., 2000; Li et al., 2004) . Contacts between these five formations are described as conformable in the report of the Bureau of Geology and Mineral Resources of Hennan Province (1989), but fault contacts between them have also been proposed (Li, B. et al., 2000; Jin, 1995) . The Huayuanqiang Formation is a sequence of fluvial sediments, which consists of medium to coarse grained quartz sandstone with intercalated beds of mudstone, siltstone and conglomerate. The Yangshan Formation comprises coal-bearing clastic sediment consisting of quartz-pebble conglomerate and quartz sandstone with intercalated beds of siltstone, mudstone and coal. The Daorenchong Formation is composed of quartz sandstone and feldspathic quartz sandstone with intercalated quartzpebble conglomerate, siltstone and shale beds. The Huyoufang Formation is the major part of the Carbonif-erous sequence, and is mainly composed of feldspathic sandstone including micaceous and lithic feldspathic sandstone, subordinate conglomerate, siltstone, and silty or calcareous mudstone with fossil freshwater bivalves, sometimes occurring as rhythmic deposits. This formation is interpreted to have been deposited in a fluviallacustrine environment (Jin and Zhang, 1993) . The Yangxiaozhuang Formation is composed of fine-grained conglomerate, sandstone, siltstone, shale and coal beds with rhythmic sedimentary layering. More detailed information on the Carboniferous sedimentary sequence is given in Li et al. (2004) .
Accessory detrital mineral phases found in the Carboniferous sedimentary rocks are muscovite, biotite, zircon, tourmaline, and garnet (Li et al., 2004) . A mineral chemical study has shown that detrital tourmaline grains were derived from metapelites and metapsammites and partly from Li-poor granitoids and pegmatites (Li et al., 2004) . Detrital garnet was only found in the Huyoufang Formation (C 2 ). The grains belong to the almandine and Mn-almandine series and were likely derived from garnetiferous schists (Li et al., 2004) . Detrital zircons show a complex age spectrum but their U-Pb ages mainly range from 500 Ma to 360 Ma clustering around 480 Ma to 400 Ma (Li et al., 2004) . Detrital muscovites are widely distributed in the Carboniferous sequences. Amongst them, phengitic muscovites can be found in the Huyoufang (C 2 ) and Yangxiaozhuang (C 2 ) Formations.
For this study, eight representative meta-sedimentary rock samples were collected from the Carboniferous sequences. They include two quartz sandstones (M2 and M74) from the Yangxiaozhuang Formation (C 2 ), five arkoses and siltstones (M6, M13, M70, M78-1, and M78-2) from the Huyoufang Formation (C 2 ), and one arkose (M85) from the Daorenchong Formation (C 1-2 ). Sample localities are shown in Fig. 1b . Samples M13 and M70 contain detrital muscovite and biotite. Phengitic muscovite is found in sample M70.
ANALYTICAL METHODS
Whole-rock powders were obtained by crushing and splitting of about 5 kg of rock material. Muscovite and biotite were isolated from crushed rocks by standard mineral separation techniques and were handpicked for analysis under a binocular microscope. Chemical separation and mass spectrometric analyses were performed in the Laboratory for Radiogenic Isotope Geochemistry, Institute of Geology and Geophysics, Chinese Academy of Sciences (IGG CAS). All acids were doubly cleaned in a FEPT 2-bottle still and a Millipore-Element ® equipment provided 18.2 MΩ purified water. Mineral composition was determined by a Cameca SX-51 electron microprobe located in the IGG CAS, using wavelength dispersive analysis and an acceleration voltage of 15 kV. Major elements were determined by X-ray fluorescence spectrometry (located in the IGG CAS) with analytical uncertainties ranging from 1 to 3%. Trace (including rare earth) element concentrations were determined using an inductively coupled plasma mass spectrometer (ICP-MS) located in the School of Earth and Space Sciences, University of Science and Technology of China, Hefei, Anhui Province. For ICP-MS analyses samples were dissolved in a mixture of HF + HNO 3 acid solutions in Teflon bombs for 5 days at a temperature of 200°C. Analytical uncertainties for most elements are better than 5%.
Single grain mineral Rb-Sr analysis
Single grains of muscovite and biotite without alteration features and visible impurities were carefully chosen by handpicking under a binocular microscope. The micas were cleaned in analysis-grade alcohol to eliminate organic matter entrapped during mineral separation, and were subsequently washed in 0.1 N HCl solution to remove potential intergrowth minerals, such as carbonates, in order to increase the Rb/Sr and 87 Sr/ 86 Sr ratios (Brown et al., 1989) . The samples were spiked with a 87 Rb and 84 Sr tracer solution. 2 µl purified 1% H 3 PO 4 was added to the samples to reduce the risk in loss of spike during drying, owing to the high boiling point of H 3 PO 4 acid. A vapor digestion method using a Parr ® bomb was applied for sample digestion. A rack with vessels for sample was put in a Teflon ® bomb filled with 2 ml HF and 0.2 ml HNO 3 . The bomb was then put in a steel liner to hold required pressure. The samples were dissolved at about 195°C for 48 hours. The HF solution that remained in the vessels was dried and replaced by 0.1 ml 3N HNO 3 , then the vessels were heated again to convert fluoride salts to more soluble nitrate salts. After drying 0.2 ml 3N HNO 3 was added to the vessels. Separation and purification of Rb and Sr were performed on Teflon ® columns (0.25 cm wide, 2 cm high for resin, and 0.68 cm wide, 1.5 cm high for reagent) with about 0.1 ml Sr-Spec ® resin [18] allowing to improve sensitivity and recovery. The eluates of Rb and Sr separation were loaded on the filaments with 2 µl purified 1% H 3 PO 4 and dried. Total procedural blanks were 4 ± 1 pg for Rb and 6 ± 1 pg for Sr. The average 87 Sr/ 86 Sr ratio of the blank was 0.710. Isotopic ratios of Rb and Sr were measured on an IsoProbe-T mass spectrometer located in the Laboratory for Radiogenic Isotope Geochemistry, which is equipped with seventeen collectors including nine Faraday cups, one Daly receiver, and seven ion counters. It has high sensitivity for precise Sr isotopic measurements on subnanogram samples with an internal precision of 87 Sr/ 86 Sr ratios better than 0.002%. For isotopic measurements, Sr micro-samples (<1 ng) were loaded with 2N HNO 3 and a purified Ta-HF emitter solution onto a single W filament.
Rb was loaded with 2N HNO 3 onto a single Ta filament. Sr isotopic ratios were measured in static Faraday multicollector mode.
85 Rb was monitored simultaneously by a Daly receiver to allow isobaric interference correction from 87 Rb on 87 Sr. Correction of mass fractionation for Sr isotopic ratios was based on 88 Sr/ 86 Sr = 8.37521 using a power law. Repeated analyses of the NBS 987 Sr standard gave a mean value of 0.710245 ± 0.000006 (n = 5, ± 2σ) for the 87 Sr/ 86 Sr ratio. More details on the analytical procedures are given in Li et al. (2005 Li et al. ( , 2008a Li et al. ( , 2008b . Isochron calculation was performed with Isoplot software (Ludwig, 2001) , using the decay constant of 87 Rb recommended by Steiger and Jäger (1977 
Whole-rock Sm-Nd and Rb-Sr analysis
About 150 mg whole-rock sample powders were spiked with mixed 149 Sm-150 Nd and 87 Rb-84 Sr tracer solutions and decomposed for one week in a mixture of HFHClO 4 under high temperature and pressure conditions. Rb-Sr and rare-earth elements were isolated on quartz columns by ion exchange chromatography with a 5-ml resin bed of AG 50W × 12. Nd and Sm were separated from other rare-earth elements on quartz columns using 1.7-ml Teflon powder coated with HDEHP, di(2-ethylhexyl)orthophosphoric acid, as cation exchange medium. Sr was loaded with a Ta-HF activator on preconditioned W filaments and was measured in singlefilament mode. Sm, Nd, and Rb were loaded as phosphates on pre-conditioned Re filaments and measurements were performed in a double filament configuration. All isotope measurements were performed on an Isoprobe-T mass spectrometer. 87 Sr/ 86 Sr ratio (2σ errors). Total procedural blanks were <300 pg for Sr and <50 pg for Nd. Detailed analytical procedures are given in Chen et al. (2007) .
ANALYTICAL RESULTS

Geochemical and Sr-Nd isotopic composition
Major and trace element concentrations of eight metasedimentary rock samples are given in Table 1 . The analyzed samples show large variations in major and trace element contents. Two quartz sandstones from the Yangxiaozhuang Formation contain 86.2 to 95.5 wt.% SiO 2 , while in arkoses and siltstones of the Huyoufang and Daorenchong Formations SiO 2 varies between 51.1 to 79.8 wt.%. Sample M13 likely contains significant amount of carbonate minerals as indicated by high LOI. Rare earth elements (REE) show large variation in concentration but all samples except sample M13 have similar chondrite-normalized REE patterns with negative Euanomaly (Fig. 2a) , which are comparable with the pattern of the average continental crust (Taylor and McLennan, 1985) . The total REE-content of sample M2 is low as this sample contains almost only quartz. Most of the samples (except samples M2 and M13) display significant depletion in Nb, Ti and Sr (Fig. 2b) . All the samples contain high Cr (210-453 ppm), significantly higher than average upper crust (35 ppm; Taylor and McLennan, 1985) and average post-Archean shale (110-100 ppm; Taylor and McLennan, 1985; Krauskopf, 1967) . In the La-Th-Sc ternary diagram, samples plot in the field for magmatic arc related sources ( Fig. 3a ; Bhatia and Crook, 1986; Girty et al., 1993) , while in the Th-Sc-Zr/10 diagram, only half of the samples plot in the field for mag- Sun (1982) and Taylor and McLennan (1985) . matic arc related sources ( Fig. 3b ; Bhatia and Crook, 1986) , similarly when plotted in the Ti/Zr-La/Sc diagram (Fig. 4a) . This scattered distribution is likely caused by several factors such as different source material of different sedimentary sequences, or fractionation of elements during weathering, erosion and transportation. All samples have low Sc/Cr ratios due to high Cr-contents and plot beyond the field for the magmatic arc related sources (Fig. 4b) . 0.511882, corresponding to ε Nd (t) values of -11.86 to -6.72 (Fig. 5a ). Compared to the basement rocks from the North China block (with Nd modal ages between 2.5 Ga to 3.5 Ga; see compilation in Wu et al., 2005) , the Carboniferous sedimentary rocks are characterized by much younger Nd modal ages (1.22 Ga to 2.25 Ga; Fig.  5b ). In several samples the Sm/Nd ratio was higher or lower than the Sm/Nd ratio of average continental crust and modal ages range merely from 1.65 Ga to 2.07 Ga (Fig. 5c ) when a two-stage modal age calculation method after Liew and Hofmann (1988) is used. The Nd isotopic characteristics of the Carboniferous sedimentary rocks are comparable with the sedimentary sequences of the Yangtze block, which have Nd modal ages clustering between 1.5 Ga and 2.0 Ga (Chen and Jahn, 1998) .
Single-grain mica Rb-Sr analysis
Prior to Rb-Sr analysis, the chemical composition of separated mineral grains from samples M13 and M70 was determined by electron microprobe analysis. Analytical results show that all muscovite grains are potassic white micas (Table 3 ). In the Si vs. Al total diagram (11 oxygen atom basis per formulae unit, pfu), four out of fifteen muscovite grains of sample M70 have high Si-content with Si contents >3.3, Si pfu. Other grains from this sample cluster around 3.1 to 3.2 Si atoms pfu (Fig. 6) . In sample M13 no muscovite with Si contents >3.3 pfu was detected.
Thirty-three detrital muscovite grains from samples M13 and M70 were selected for single-grain Rb-Sr isotope analysis. Sample M70 commonly contains small muscovite and biotite grains and only nine grains could (Bhatia and Crook, 1986; Girty et al., 1993) and (b) Th-Sc-Zr/10 plot (Bhatia and Crook, 1986) . Bhatia and Crook (1986). be analyzed by the single-grain Rb-Sr technique. Some of these grains were not analyzed by electron microprobe. From sample M13, twenty-three muscovite and eight biotite grains were chosen for analysis. Rb-Sr analytical results for biotite and muscovite are given in Liew and Hofmann (1988) . 
DISCUSSION
The tectonic setting and provenance of the low-grade Beihuaiyang metamorphic zone exposed along the northern foothills of the Dabie Mountains has been controversially discussed. The metasediments of this zone have been considered as flysch formation that was deposited in a back-arc or fore-arc basin along the active margin of the southern North China block (e.g., Şengör et al., 1988; Dong et al., 1993) . Alternatively, the sedimentary sequence was interpreted as a passive margin deposit along the northern margin of the South China Block (e.g., Okay et al., 1993; Zhou et al., 2001; Zheng et al., 2005) . Detrital zircon ages from the Foziling group of the Beihuaiyang low-grade metamorphic zone, which comprises Paleozoic sedimentary rocks (Chen et al., 2003a) and from other Carboniferous sedimentary rocks (Li et al., 2004) , which both belong to this low-grade metamorphic zone, evidently demonstrate that the metasediments contain populations of Early Paleozoic detrital zircons of North China affinity as well as Late Proterozoic detrital zircons of Yangtze affinity. It was concluded that the sedimentary material originated from these two different cratonic sources. It was further concluded that the sediments were deposited on the active southern margin of the North China block (Chen et al., 2003a; Li et al., 2004) . This interpretation was mainly based on the fact that Neoproterozoic magmatism (~700-800 Ma) is widely observed in the Yangtze block but absent in the North China block (NCB). On the other hand, Paleozoic magmatism was found mostly along the southern margin of the NCB and/or the northern Qinling terrane.
The main reason for different interpretations of the origin and provenance of the low-grade metamorphic zone is apparently due to contrasting tectonic models proposed for the Qinling-Dabie orogenic belt. This orogenic belt together with the Kunlun and Qilian orogenic belts to the west forms an important tectonic terrane in China. Several models have been proposed in the literature that are based on different time constraints for the amalgamation of the North and South China (Yangtze) blocks (e.g., Mattauer et al., 1985; Hsü et al., 1987; Zhang, 1988 Huang and Wu, 1992; Yin and Nie, 1993; Zhang et al., 1995a; Zhang, 1999, 2000) . Pre-Devonian or Early Silurian collision of the North and South China blocks was inferred from evidence of Carboniferous strike-slip faulting along the Shandan suture between the North and South Qinling terranes (Mattauer et al., 1985) and from Early Devonian crustal shortening and metamorphism recorded in granulitic rocks exposed in the Tongbai terrane (Kröner et al., 1993; Zhai et al., 1998) . In contrast, Şengör (1985) and Hsü et al. (1987) favored a Late Triassic collision of the North and South China blocks. Numerous Late Triassic metamorphic ages were obtained in the last decade from ultrahigh-pressure metamorphic rocks in the Tongbai-Dabie-Sulu terrenes that strongly suggest an Early Mesozoic collision event (e.g., Li, S.-G. et al., 1993 Li, S.-G. et al., , 1999 Li, S.-G. et al., , 2000 Okay et al., 1993; Ames et al., 1993) and paleomagnetic data corroborates a Late Trissiac to Middle Jurassic amalgamation of the North and South China blocks (e.g., McElhinny et al., 1981; Zhao and Coe, 1987; Enkin et al., 1992) . Recognition of the Mianlue suture along the South Qinling southern margin (Zhang et al., 1995a) let to the proposal of a two-stage collision model, in which the Qinling orogenic belt experienced multiple and prolonged rifting, drifting and collisional processes Zhang, 1999, 2000) . Ophiolitic complexes which mark the Mianlue suture differ in age and composition from rocks found along the Shangdan suture exposed between the North and South Qinling terrenes (Zhang et al., 1995b) . According to the two-stage collision model, the Shangdan suture resulted from the middle Paleozoic collision of the North China block (including North Qinling) and the South Qinling terrane of Yangtze affinity, while the Mianlue suture traces the Late Triassic collision of the South Qinling terrane and the South China (Yangtze) block (Fig. 9) .
Analyzed detrital muscovite grains from the Carboniferous sedimentary rocks (samples M13 and M70) define a regression line corresponding to an age of about 420 Ma (Fig. 7) and most of the single grains yield radiometric dates in the range 480 Ma and 380 Ma (Fig. 8) . The pooled Rb-Sr age defined by the muscovites is similar to reported metamorphic ages between 406 and 426 Ma obtained from greenschist-facies metamorphic rocks exposed in the North Qinling terrane by Rb-Sr and 40 Ar-39 Ar dating methods (Sun et al., 2002a) . Previous studies have shown that the late Paleozoic low-grade metamorphic sedimentary rocks contain abundant detrital zircons of Neoproterozoic to early Paleozoic age (about 800 Ma to 450 Ma; Chen et al., 2003a; Li et al., 2004) . Surprisingly, almost all the detrital muscovites in the Carboniferous sediments record merely Paleozoic thermal events. Potential reason for this might be that the Rb-Sr mica system of the source rocks acted as an open system during the Paleozoic thermal event, while the U-Pb zircon system remained close owing to its higher isotopic closure temperature. This age relationship therefore can imply that the detrital muscovites mainly or completely originated from an early to middle Paleozoic metamorphic-magmatic source within the North Qinling terrane which was an active plate margin of the North China block at that time (e.g., Kröner et al., 1993; Zhang, 1999, 2000) . This thesis is supported by detrital zircon ages obtained from Paleozoic sedimentary rocks of the Beihuaiyang low-grade metamorphic zone in the northern Dabie Mountains (Chen et al., 2003a; Li et al., 2004) . Abundant Early to Middle Paleozoic and Late Proterozoic detrital zircons were found in these rocks. Although recent studies have shown that the North and South China (Yangtze) blocks likely underwent similar thermal events in the early Precambrian, especially in late Archean and early Proterozoic (e.g., Zheng et al., 2006; Zhang et al., 2006) , they have had different thermal histories during Late Proterozoic and Early Paleozoic times. During the Late Proterozoic, the evolution of the Yangtze block was associated with magmatic-metamorphic events especially along the northern and western margins (e.g., Chen et al., 2003a, b; Rowley et al., 1997; Xue et al., 1997; Hacker et al., 1998) . The southern margin of the North China block, in turn, was characterized by Early Paleozoic magmatism and metamorphism (e.g., Kröner et al., 1993; Zhai et al., 1998; Zhang, 1999, 2000) . Hence, it has been argued that the sedimentary rocks of the lowgrade metamorphic zone originated from the North Qinling and South Qinling terranes, which record different crustal evolution and belong to different geological provinces (Chen et al., 2003a) . The Paleozoic detrital muscovites provide further evidence to support an origin from an active continental arc situated along the southern margin of the North China block. This arc was located in the northern part of the Qinling-Dabie orogenic belt (Fig. 9) .
Detrital muscovites of phengitic composition are found in sedimentary rocks of the Huyoufang (C 2 ) and Yangxiaozhuang (C 2 ) Formations. The single-grain RbSr analysis shows that phengites likely formed during the Early to Middle Paleozoic, implying high-pressure metamorphic rocks were exposed in the source area probably between the North and South Qinling terranes along the Shangdan suture. Accordingly, these two terranes collided in the Devonian after the closure of the proto-Tethyan Qinling ocean Zhang, 1999, 2000; Sun et al., 2002a) . High-pressure and ultrahigh-pressure rocks of early Paleozoic age can be found in the Kunlun and Qilian orogenic belts of central-western China (e.g., Song et al., 2003 Song et al., , 2007 Yang et al., 2002) . However, Paleozoic highpressure metamorphic rocks were rarely reported in the Qinling-Dabie orogenic belt. Eclogites found in the Dabie ultrahigh-pressure metamorphic terrane mostly give Early Mesozoic ages, except for those exposed in the western Dabie region that were dated at about 310 Ma (Sun et al., 2002b) . Therefore, we propose that the Middle Paleozoic detrital phengites found in the Carboniferous sedimentary sequences originated from high-pressure metamorphic rocks of the southern margin of the North China block (or the North Qinling terrane), that formed during the closure of the Proto-Tethyan Qinling ocean and subsequent collision of the North and South Qinling terranes prior to the Carboniferous ( Fig. 9 ; Zhang, 1999, 2000) . The high-pressure rocks were exhumed after the Paleozoic collision and were completely eroded during the sedimentation of the Carboniferous sequences.
Detrital zircons extracted from the Carboniferous sediments suggest the presence of Archean to Paleoproterozoic and Late Proterozoic to Paleozoic source regions during their deposition (Li et al., 2004) . The Sr isotope systematics of the biotites in the Carboniferous sediments are consistent with the presence of different source material. The Rb-Sr isotopic system of detrital biotites from the Carboniferous sedimentary rocks was significantly disturbed probably during diagenesis and/ or later thermal imprint and therefore, formation ages of the biotite group with high 87 Sr/ 86 Sr ratios can not be exactly determined. They might originate from old basement of the North China or Yangtze block. The other biotite group with low 87 Sr/ 86 Sr ratios demands a less radiogenic Sr or young material source and could be derived from juvenile crust exposed along the active conti- Zhang, 1999, 2000) and origin of the low-grade Late Paleozoic metamorphic zone.
nental margin of the North China block during the early Paleozoic. Geochemical signatures of the less mobile trace elements La, Th, Zr, Ti and Sc also imply that the metasediments contain a significant contribution of arcrelated magmatic rocks (Figs. 3 and 4) . Considering the difference in Rb-Sr closure temperature between biotite and muscovite (~450-500°C for muscovite and ~350°C for biotite; e.g., Mezger, 1990; Villa, 1997; Jenkin et al., 1995 Jenkin et al., , 2001 , metamorphic temperatures of the low-grade sedimentary rocks can be indirectly constrained to be between 350°C and 450°C. This temperature range is only valid if fluids did not disturb the Rb-Sr isotopic system of detrital biotites during diagenesis.
Whole-rock Sm-Nd isotopic composition of the Carboniferous sedimentary rocks provides additional support for an active margin setting. Basement rocks of the North China block commonly have low ε Nd values (<-25) and old Nd model ages (>2.5 Ga; Wu et al., 2005 and references therein). Compared to old basement rocks exposed in the North China block and the North Qinling terrane, the low-grade Carboniferous sedimentary rocks give relatively high ε Nd (t) values and much younger Nd model ages between 2.1 Ga to 1.6 Ga (T DM2 ). This characteristic requires juvenile crustal material, such as Paleozoic arcrelated magmatic rocks, as one of the material sources, if Paleoproterozoic to Archean basement rocks of the North China block and the North Qinling terrane provided major sedimentary material. Early to Middle Paleozoic arcrelated magmatic rocks have been found in the North Qinling terrane. They were formed during the closure of the Proto-Tethyan Qinling ocean prior to the Carboniferous (e.g., Xue et al., 1993 Xue et al., , 1997 . Alternatively, these rocks might have formed later during the closure of the Paleo-Tethyan Qinling ocean prior to Late Triassic (e.g., Zhang, 1999, 2000; Fig. 9 ). Due to the complete lack of late Paleozoic detrital zircons in the lowgrade sedimentary rocks (Chen et al., 2003a; Li et al., 2004) , we conclude that the juvenile material component mainly came from an Early to Middle Paleozoic active continental margin situated at the North Qinling terrane.
CONCLUSIONS
This study contributes to the understanding of the tectonic setting and provenance of the Beihuaiyang lowgrade zone exposed in the northern Dabie Mountains. Detrital zircon ages of the low-grade sedimentary rocks from this zone imply that the sedimentary material originated from mixed sources of the North China and Yangtze blocks and that the sediments were deposited along an active continental margin (Chen et al., 2003a; Li et al., 2004) . Carboniferous sediments occur as part of the low-grade metamorphic sequence and contain detrital biotite and muscovite, partly phengite. Single grain RbSr age data suggest that both detrital muscovites and phengites formed during the Early to Middle Paleozoic. This provides evidence for Paleozoic thermal and highpressure metamorphic events in the source region. Detrital phengites of Paleozoic ages most likely originated from Paleozoic subduction and subsequent collision processes along the North Qinling zone of the Qinling-Dabie orogenic belt. Detrital muscovites preserve information of the Early to Middle Paleozoic thermal history probably related to the closure of Proto-Tethyan Qinling ocean and formation of the North Qinling tectonic zone along the southern margin of the North China block. In conjunction with detrital zircon ages, our Rb-Sr isotopic age data on detrital muscovites further demonstrate an active continental margin setting during the deposition of the Paleozoic low-grade sediments. We finally conclude that age information from detrital micas especially muscovite, obtained by the single-grain Rb-Sr technique provides a useful tool for recognizing the origin of low-grade metamorphic rocks and for deciphering the provenance of geological terranes.
